The tar resulted from pyrolysis of coconut shell is a waste. It is important to be clarified their chemical composition and physical properties in order to find out their feasibility as source of a fuel. This research was resulted two immiscible organic fractions, and these were further determined their physical properties such as water composition by using ASTM D-95 methods, ash composition (ASTM D-482), flash point C.O.C (ASTM D-92), kinematics of viscosity (ASTM D-445), and caloric valued using bomb calorimetric. In addition, tar composition was determined by gas chromatography-mass spectrometry (GCMS). The result provided oil which was categorized as light and heavy bio-oils. The light bio-oil has specific gravity 0.99, ash content 0.01%, kinematics viscosity 25.5 cSt, flash point <27 o C, pH 3 and heating value 10304 kcal/kg. On the other hand, heavy biooils gave specific gravity 1.13, ash 0.46%, kinematics viscosity 185 cSt, flash point 134 o C, pH 2.5 and heating value 6210 kcal/kg. Moreover, the light bio-oil contained 79 compounds which was composed of phenol 16.4%, hydrocarbon 12.4%, phenolic 27.6%, other oxygenated compounds 53.6%, and acetic acid 3%, meanwhile the heavy bio-oils contained of 18 compounds which was consisted of phenol 31.2%, lauric acid 6.0%, phenolic 27.6%, and other oxygenated compounds 35.3%, respectively. With this result, it was clarify that these bio-oils could not be used directly as a fuel for motor nor diesel machinery.
INTRODUCTION
The technology of pyrolysis has been used by local community since a long time ago, and conventionally has been applied to produce a solid carbon. Recently, this method has paid many attentions for development such as by using condensation to afford liquid smoke besides the solid carbon. The physical properties and composition of this liquid smoke depend on the type of biomass, methods and the pyrolysis conditions such as temperature, leaving time of steam, rate of increasing temperature pyrolysis. The conventional pyrolysis, usually applied temperature is roughly 500 o C, leaving time of the steam between 5 and 30 minute, and using atmospheric pressure. The steam did not directly flow out such as in quick pyrolysis. This condition is able to initiate the reaction further within each steam component to provide a solid carbon and liquid smoke [1] .
Coconut shell usually contains 32% of hemicellulose, 14% cellulose, and 46% lignin. Pyrolysis of it can provide the decomposition of these components with different rate on applied of a range temperature. The different of reactivity from each component cause competition during decomposition process [2] . The process-condition optimum for a slow pyrolysis of coconut shell using constant fire was at 550 o C, heating rate 60 o C per minute, and provided liquid smoke maximum 45% [3] . The resulted chemical composition of liquid smoke was a mixture, mostly contained water, carboxylic acids, carbohydrate, and the derivative of lignin. In addition, the oils resulted also slightly acidic, viscous, reactive, and thermally unstable. Their chemical composition and physical properties was much different to the petroleum based-oils. This result, in order to direct application as motor fuel still requires specifics attentions and further research.
The standard as a fuel usually following the American Society for Testing and Material (ASTM) grade, and the standard of fuel resulted from biomass pyrolysis until recent time was not determined yet. Because the variation composition and physical properties of the liquid smoke, and also the pyrolysis methods still under going development. As consequence, application this liquid smoke resulted from biomass pyrolysis still require along study to find out a standard and properties as a fuel [4] .
Pyrolysis of coconut shell by local community usually was conducted at 350 o C under atmosphere pressure and afforded solid carbon, liquid fraction or liquid smoke, organical fraction (tar), and gas. Economically, the solid carbon produced usually could be convert to afford activated carbon and bricket. Meanwhile liquid smoke commonly used as a food preservant, and increase latex acidity. The gas resulted could also be recycle directly as fuel for pyrolysis. But, tar product has no further application.
EXPERIMENT
The sample of tar was afforded from direct pyrolysis of coconut shell (150 kg), conditions: 250 -300 o C, 5-6 h pyrolysis, at atmosphere pressure. Smoke resulted was condensed and further distillated to afford two layers product. After left overnight, this layer afforded upper layer (liquid smoke) and bottom organic layer (light tar), and residue as a heavy tar. 
RESULT AND DISCUSSION Physical properties of light and heavy tar
The physical properties of tar as a fuel were determined using the methods for analysis of petroleum oil according to the recommendation of Oasmaa and Peacocke (2010) [9] . Result for determination of light and heavy tar was presented in Table 1 . The ash content of heavy tar indicated higher than the value of the light tar (Table 1) , and this result also much higher than the maximum ash content which was recommended by Directorate General of Oils and Gas (Dirjend MIGAS) in Indonesia [5] . The ash content reported for coconut shell itself was 0.9% [6] . The higher content of ash in liquid fuel may causes precipitation of waste in the burning system. Furthermore, the water content both from light and heavy tar indicated much higher that that allowed in the standard of fuels. The higher water content may be caused by the humidity of source coconut shell and reaction product of dehydration during the pyrolysis. From the result, water content ranged from 15 to 30%, and depended on the type and conditions of raw material of coconut shell and pyrolysis process [7] .
Viscosity can be determined as the ability of a liquid flowing. Table 1 display the heavy tar viscosity was slightly higher to the maximum value for standard of oil as a fuel. The determination of bio-oil as a light, light-medium, medium, and heavy bio-oils was based on their physical properties such as kinematics viscosity (cSt). Their value was 1.9-3.4, 5.5-24, 17-100, and 100-638, respectively [8] . According this classification, the light tar could be categorized as light bio-oil, and the heavy tar as a heavy bio-oil.
The flash point of a fuel indicated the lowest temperature of a fuel could be burnt and giving quick flash in a flame. The value of flash point for light tar showed below 25 o C (Table 1) compounds and easily to be burnt such as hydrocarbon and alcoholic compound with low molecular weight. On the other hand, the heavy tar gave much higher a flash point and over to the minimum value of the standard as a fuel.
The Chemical Composition of the Light and Heavy Tar
Pyrolysis process afforded three liquids, a water (polar) and two organic layers (light and heavy tar). High content of water and lignin from source of coconut shell could separate these layers [9] . The result for chemical analysis of the light ( Figure 1 and Table 2 ) and heavy tar ( Figure 2 and Table 3 ) was presented as a chromatogram. The light tar contained minimum 79 compounds detected, and the heavy tar indicated 18 compounds.
Coconut shell was composed mostly with lignin and then cellulose and hemicellulose. Pyrolysis decomposed these compounds. Hemicellulose will decompose at temperature 200-260 o C, cellulose in 240-350 o C, and lignin between temperature 280 and 500 o C. The heavy tar mostly contained an oxygenate compounds and phenolic with phenol as the higher component (Table 2 and 3) . This was dominantly a result of lignin decomposition. The heavy tar was a water-immiscible organic fraction, which mostly was a reaction product of a heavy lignin pyrolysis [9] . Moreover, the more dominant of phenol compound in both fractions exposed that phenol separation was not only because its boiling point, but its interactive properties with the other composed components or create an azeotropic mixture and could be evaporated in broad boiling points. Because of this phenol compounds contained in both fraction resulted more acidic. The only sharp different of both fractions was their flash point, which was the light tar much easy to be burnt compare to the heavy tar. This was described by more volatile chemical composition of light tar such as hydrocarbon compounds and lowweight of alcohol compounds. 
CONCLUSION
Pyrolysis of the coconut shell provided two organic fractions, and categorized as a light and heavy tars. The light tar was easier to be burnt than the heavy tar, and both of them was a strong acidic. The GCMS analysis gave 79 compounds indicated in the light tar and it was composed of phenol (16.4%), hydrocarbons (12.4%), phenolic (27.6%), oxygenate compounds (53.6%), and acetic acid (3%). Meanwhile the heavy tar contained 18 compounds, which consisted of phenol (31.2%), lauric acid (6.0%), phenolic compound (27.6%) and the other oxygenate compounds (35.3%). However, both of these tars could not directly to be used as a fuel.
